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$\mathrm{N}$ . $\mathrm{N}$
$N$ , $N\in N$ , $v:2^{N}arrow \mathbb{R}$ $v(\emptyset)=0$
$N$ $\mathrm{T}\mathrm{U}$ ( )
. , $S\in 2^{N}$ $v$ (S) $S$
, $N\backslash S$
.
(Shapley [15]) : $i\in N$
$S,T\in 2^{N}$ ,
$i\in S\subset T\Rightarrow v(S)-v(S\mathit{2}\{i\})\leq v(T)-$ r $(7 \backslash \{i\})$ .
, (Sprumont [16]) : $S,$ $T\in$
$2^{N}$ ,
$\emptyset$ ? $S\subset T\Rightarrow$ p $[v(S)-v(S\backslash \{i\})]\leq$I$[v(T)-v(T\backslash \{i\})]$ .
its $i\in S$
$N$
$\mathcal{V}_{n}^{N}\mathrm{u}$ $\mathcal{V}_{\mathrm{i}\not\in \mathrm{h}^{1}}^{N}$ , . ,
.
.1
.2
$\bigcup_{N\in N}\mathcal{V}_{\beta}^{N}$
$\varphi$
$\mathrm{J}\triangleright-/\triangleright$ : $N\in N$ $v\in \mathcal{V}_{f_{-\backslash }}^{N}$ ,
$\emptyset\neq\varphi(v)\subset \mathbb{R}^{N}$ $x\in\varphi(v)$ $\sum x_{i}\leq v$(N).
$i\in N$
g single-valuml $\{x\}=\varphi(v)$ $x=\varphi(v)$ $\frac{arrow}{\mathrm{p}\simeq}\mathrm{g}$
. .
,
,
.
1\leftarrow -\mbox{\boldmath $\theta$}) $[]^{_{\vee}}.\supset \mathrm{v}\backslash \text{ }$ Topkis [19] .
2 Driaesen $\mathrm{a}$nd Meinhardt [2] .
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,
.
Efficiency: $N\in N$ $v\in \mathcal{V}_{p_{\mathrm{J}}}^{N}$ $x\in\varphi(v)$ $\sum_{i\in N}x_{i}=$
$v(N)$ .
Symmetry: $N\in N$ $v\in \mathcal{V}_{\mathrm{g}_{1}}^{N}$ $i,j\in N$ $x$. $\in\varphi(v)$
,
[ $S\subseteq N\backslash \{i,j\}$ $v(S\cup\{i\})=v(S\cup\{j\})]\Rightarrow x_{i}=x_{j}$ .
Individual rationality: $N\in N$ $v\in \mathcal{V}_{\mathrm{f}\mathrm{h}}^{N}$ $x\in\varphi(v)$
$i\in N$ $x:\geq v$ ({i}).
$N$ $v:2^{N}arrow \mathbb{R}$ $N’\subset N$
, $v$ $2^{N’}$ $v$ $N’$ ,
$v_{N’}$ .
single-valued ,
,
.
Population-monotonicity: $N\in N$ $v\in \mathcal{V}_{\mathfrak{l}^{1\}}}^{N}$ $N’\subset N$
$i\in N’$ $\varphi_{i}(v_{N’})\leq\varphi_{i}$ (v).
population-monotonicity
, Shapley \sim (Shapley [14]) shige-Dutta-Ray $\mathrm{K}\mathrm{s}$ (Fu-
jishige[5];Dutta and Ray[4] $)$ 2 .3
Shapley : $N\in N$ $v\in \mathcal{V}_{\mathrm{f}\mathrm{h}}^{N}$ $i\in N$ ,
$Sh_{i}(v) \equiv\sum_{\subseteq s_{S\ni i}N}\frac{(|S|-1)!(|N|-|S|)!}{|N|!}\cdot$
[$v(S)-v(S\backslash$ {i})].
Fujishige-Dutta-Ray : $N\in N$ $v\in \mathcal{V}_{\mathrm{I}\mathrm{h}}^{N}$ ,
$FDR(v)\in \mathbb{R}^{N}$ :
Step 1. $N_{1}\equiv N,$ $v_{1}\equiv v$ . $\underline{v}_{1}\omega s$ $S\in$
$|S|$
$2^{N_{1}}$ $|S|$ $S_{1}$ .4 $i\in S_{1}$ ,
$FDR_{\dot{\eta}}(v) \equiv\frac{v_{1}(S_{1}}{|S_{1}|}$ .
.3Shapley value . Fujishige-Dutta-Ray
, Dutta and Ray [4] “eagalitarian solution” )$\triangleright-$ )$\triangleright$ ,
Fujishige [5] “lexicograp cally optimal base”
.
4 $S_{1}$ .
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Step $k$ . $N_{k-1}\in 2^{N}\backslash \{\emptyset\}$ $v_{k-1}\in \mathrm{f}\mathcal{V}_{\mathrm{l}}^{N_{k-1}}$ $S_{k-1}\in 2^{N_{k-1}}.\backslash \{\emptyset, N_{k-1}\}$
. $N_{k}\equiv N_{k-1}\backslash S_{k-1}$ ,
$S\in 2^{N_{k}}$ , $v_{k}(S)\equiv v_{k-1}(S\cup S_{k-1})-v_{k-1}(S_{k-1})$ . $\underline{v}_{k}[perp]_{s^{S}}I||$
$S\in 2^{N_{k}}$ $|S|$ $S_{k}$ .5
$i\in S_{k}$ , $FDR_{i}(v).\equiv \mathrm{A}_{|\dot{S}_{k}|}vS\mathrm{A}$ .
Single-valued .
: $N\in N$ $v\in \mathrm{f}\mathcal{V}_{\mathrm{l}}^{N}$ ,
$C(v) \equiv\{x\in \mathbb{R}^{N}|\sum_{\dot{\iota}\in N}xi=v$(N)and for each $S\in 2^{N},$ $\sum_{i\in S}x_{i}\geq v$(S)}.
2
$N$ $v$ ,
x=(xs)5e2 $v$ population-monotonic allocation
scheme :
(i) $S\in 2^{N}$ $x^{S}\in \mathbb{R}^{S}$
$\sum_{i\in \mathrm{S}}x_{i}^{S}=v$
(S);
(ii) $i\in N$ $S,T\in 2^{N}$
$i\in S\subset T\Rightarrow x_{i}^{S}\leq x_{i}^{T}$ .
efficiency population-monotonicity \sim
, population-monotonic allocation scheme
. , population-monotonic location
scheme (Sprumont [16]).
, 4 Norde and Reijnierse [12] ,
4 population-monotonic
allocation scheme , .
4 $n$ , 4
.
, .
Conjecture 1. population-monotonic allocation scheme
.
, ,
efficiency population-monotonicity
$5v_{k-1}$
$v_{k}$ , $S_{k}$ .
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. , efficiency population-
monotonicity , $v(\{i\})=0$
Shapley l shige-Dutta-Ray
(Hokari and Uchida [8]). $v(\{i\})=0$
HE efficiency population-monotonicity symmetry
, Shapley Fujishige-Dutta-Ray ,
2 ,
.
Conjecture 2. single-valued efficiency population-
monotonicity 2 .
2
$N\overline{=}\{1,2,3,4\}$ , 4 $v$ ,
$v$ (N) . ,
$(x_{1}, x_{2}, x_{3}, x_{4})$ , 3 4
$x_{3}$ $x_{4}$
. , 1 2
2
. 2 $v(N)-x_{3}-x_{4}$
. 1 2
, 1 $v$ ({1}) . 3
$x_{3}$ $v(\{1,3\})-x_{3}$ ,
4 $v(\{1,4\})-x_{4}$ . 3 4
$v(\{1,3, 4\})-x_{3}-x_{4}$ . ,
1 2
4 . ,
2 1
$\max\{v(\{2\}), v(\{2,3\})-x_{3}, v(\{2,4\})-x_{4}, v(\{2,3,4\})-x_{3}-x_{4}\}$
. {1, 2}
, $v$ $(x_{1}, x_{2}, x_{3}, x_{4})$ {1, 2} $\max$ $/1\backslash$
. $(x_{1}, x_{2})$ ,
(consistent)
. ,
$\max$ ,
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HE IIlax consistency .6
$N\in N$ $v\in \mathrm{f}\mathcal{V}_{\mathrm{l}}^{N}$ $x\in \mathbb{R}^{N}$ $N’\subset N$ , $N’$
$\hat{r}_{N}^{x},(v)$ : $S\in 2^{N’}$ ,
$\hat{r}_{N}^{x}$.(v)(S) $\equiv\{$
$T\subseteq N\backslash N\mathrm{m}\mathrm{a}\mathrm{x},$
$[v(S \cup T)-.\sum_{|\in T}x_{i}]$ if $S\neq N’,$ $\emptyset$ ,
$v(N)- \sum_{:\in N\backslash N’}x_{i}$
if $S=N’$ ,
0 if $S=\emptyset$ .
${\rm Max}$ consistency: $N\in N$ $v\in \mathcal{V}_{\mathrm{f}\mathrm{b}}^{N}$ $x\in\varphi(v)$
$N’\subset N$ ,
$\hat{r}_{N}^{x},(v)\in \mathcal{V}_{\mu_{1}}^{N’}$ $(x_{i})_{i\in N’}\in\varphi(\hat{r}_{N}^{x},(v))1$
$\max$ consistency , Fujishige-Dutta-Ray
populaion-monotonicity $\max$ consistency , Shapley
population-monotonicity $\max$ consistency .
${\rm Max}$ consistency population-monotonicity
nucleolus (Schmeidler [13]) .
1 .
Conjecture 3. $\text{ }$ single-valued efficiency sym-
metry $\max$ consistency population-monotonicity 4
1 , Fhjishige-Dutta-Ray .
, .
$N\equiv$ {1,2, 3, 4} , 4
, $v$ , $v$ (N)
4 . , $(x_{1}, x_{2},x_{3},x_{4})$
, 3 4 ,
, $x_{3}$ $x_{4}$ , 2
.7 ,
1 2 2
. 2
$v(N)-x_{3}-x_{4}$ . 1 2
$v(\{1,3, 4\})-x_{3}-x_{4}$ ,
6 Davis and Maschler[1]
$\mathrm{D}\mathrm{M}$-consistency .
7 $\max$ ,
.
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1 2 $\acute{(}\mathrm{a}\mathrm{p}$
. , 2 1
, 2 1
$v(\{2,3, 4\})-x_{3}-x_{4}$ . {1, 2}
, $v$ $(x_{1}, x_{2}, x_{3}, x4)$ {1, 2}
complement . $(x_{1}, x_{2})$
,
(consistent) .
, complement
, complement
cons tency .8
$N\in N$ $v\in \mathcal{V}_{\mathrm{u}}^{N}\Pi$ $x\in \mathbb{R}^{N}$ $N’\subset N$ , $N’$
$r_{N}^{x},(v)$ : $S\in 2^{N’}$ ,
$r_{N}^{x},(v)(S)\equiv\{$
$v(S \cup(N\backslash N’))-\sum_{i\in N\backslash N’}x_{i}$
if $S\neq\emptyset$ ,
0if$S=\emptyset$ .
Complement consistency: $N\in N$ $v\in \mathcal{V}_{1^{\mathrm{I}}-\mathrm{t}}^{N}$ $x\in\varphi(v)$
$N’\subset N$ ,
$r_{N}^{x},(v)\in \mathcal{V}_{1\mathrm{I}}^{N’}\llcorner|$ $(x_{i})_{i\in N’}\in\varphi(r_{N}^{x},(v))$ .
(balanced games)
individual rationality complement consistency 1
(Tadenuma [17]). ,
.9 2
.
Conjecture 4. individual rationality comple-
ment consistency 2 .
: Fujishige-Dutta-Ray explicit
, Fhjishige-Dutta-Ray
3 : $N\in N$ $v\in \mathcal{V}_{\mathrm{I}\mathrm{h}}^{N}$ ,
8 \emptyset Moulin [11] t separability . M-consistency
( Tadenuma[17]).
$9\mathrm{H}\mathrm{o}\mathrm{k}\mathrm{a}\mathrm{r}\mathrm{i}$ and Uchida[9] .
122
(a) $FDR(v)=$ { $x\in C(v)|$ $[y\in G(v)\backslash \{x\}\mathrm{s}.\mathrm{t}$ . $y$ Lorenz-donminates $x$ };
(b) FDR( ) $= \arg\min_{x\in C(v)}\sum_{i\in N}(x_{i}-\frac{v(N)}{|N|})^{2}$ ;
(c) $i\in N$ , $FDR_{i}(v)= \max_{N}\min_{Ts_{S\ni i}\subseteq\subseteq S\backslash \{i\}}\frac{v(S)-v(T)}{|S|-|T|}$.
(a) (b) Fujishige-Dutta-Ray imphcit
, (c) explicit .10 (c)
: $N\in N$ $v\in \mathcal{V}_{\mathrm{g}}^{N}$ ,
$v(N)= \sum_{i\in N}$ X\ni aNix T .\n{i} $\frac{v(S)-v(T)}{|S|-|T|}$ .
, 2 ,
$v(12)= \max\{v$ ( 1), $\min\{_{\vec{2}}^{v(12}$ , $v(12)-v(2) \}\}+\max\{v$ (2), $\min\{\frac{v(12)}{2}$ , $v(12)-v$ (y}},
3 ,
$v(123)$ $=$ $\max\{\min’\{^{v123-v(2\frac{-v(2)\}v123)-v(3}{2},(12-}v(1)_{2}^{\underline{v(}1}2\Delta,v(12),’\min_{v\frac{\min_{v(123}\{_{)}}{3},,\infty_{2}}\{\frac{v(1}{3)2}3\Delta$
,
$v(23)\}v(13)-v(3)\}.‘\}$
$+ \max\{\min\{_{322}^{\underline{v}\zeta 1-,\mathrm{m},\mathrm{m}v123-v}23$”,$(123v(13) \}v(2),\min\{_{v123-v1}^{[perp]_{2}\Delta_{v(12)-v(1)\}_{3}\min_{v}\{\frac{v(23)}{)-2},v(23)-v(3)\}}}v12\dot,$ $\}$
$+ \max\{v(3),\min_{\underline{v}12}\{,\frac{v(13)}{v(2},’ v(13),-v(1)\}_{2},$$\min_{)}\{_{2}^{\underline{v}\mathrm{L}^{2}\Delta}3,v(23)-v(2)\}\min\{_{3\hat{2}2}^{(A^{3123-v1)\ovalbox{\tt\small REJECT} v123)-v}}v(123)-v(12)\}’\}$
,
,
.
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